DC-AC CONVERTER, AND METHOD FOR SUPPLYING AC POWER 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The invention relates to a DC-AC converter 

(hereinafter referred to as an "inverter") for 
producing an AC voltage to be used for driving a load 
from a DC power source such as a mains adapter, which 
is an accessory of an electrical appliance, or a battery, 
10 as well as to an AC power supply method. 

2 . Description of the Related Art 

A cold cathode fluorescent lamp (CCFL) has come 
into use as a back light source for a liquid-crystal 
monitor of a notebook PC or a liquid-crystal display 

15 of a liquid-crystal TV receiver and so on. In general, 
the CCFL might be of higher efficiency and longer life 
use than those of an ordinary hot cathode fluorescent 
lamp. A filament usually provided in the hot cathode 
fluorescent lamp is omitted from the CCFL. 

20 Start-up and activation of the CCFL require a 

high AC voltage. For instance, a start-up voltage 
is about 1,000 volts, and an operating voltage of the 
CCFL is about 600 volts. Such a high AC voltage is 
produced from a DC power source of a laptop computer 

25 or a liquid-crystal TV receiver through use of an 
inverter . 

In conventional arts, Royer circuit has been known 
for an inverter use of a CCFL. The Royer circuit is 
formed from a saturable magnetic core transformer, 
30 a control transistor, and other circuit elements. 
The Royer circuit can perform a self-oscillation by 
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means of non-linear permeability of the saturable 
magnetic core transformer and a non-linear current 
gain characteristic of the control transistor. 
However, the Royer circuit itself does not need any 
5 external clock or driver circuit. 

The Royer circuit is basically a constant-voltage 
inverter. Therefore, when fluctuation arises in an 
input voltage or a load current, the Royer circuit 
cannot maintain a constant output voltage. 
10 Consequently, a regulator is required for supplying 
the power to the Royer circuit. In this regard, it 
was difficult for an inverter using the Royer circuit 
to be down-sized and achieve a efficient low power 
conversion . 

15 Among other related arts, there has been proposed 

an inverter using a center-tap-type transformer, in 
which the transformer has a primary winding which 
supplies a DC voltage to a center tap, and a secondary 
winding for outputting an AC voltage such as disclosed 

20 in the International Patent Publications of No. WO 
99/34651 or Japanese Patent Publication Hei 6-14556. 

An inverter disclosed in WO 99/34 651 has a center 
tap of the primary winding provided with a DC voltage, 
and semiconductor switches provided between respective 

25 ends of the primary winding and the ground so that 
the semiconductor switches are alternately operated 
in On-state and Off-state. Further, the inverter is 
provided with a PWM controller for performing a PWM 
control so as to supply DC voltage to the inverter/ 

30 The power supplied from the inverter to the load can 
be controlled by means of said DC current control 
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performed by the PWM controller. 

An inverter of the JP Hei 6-14556 comprises a 
primary winding having a DC power source connected 
to a center tap; a secondary winding for outputting 
5 an AC voltage; a booster transformer having a tertiary 
winding for feedback purpose; a resonance capacitor 
connected between both ends of the primary winding 
of the booster transformer to constitute an LC resonance 
circuit between the capacitor and the inductance of 

10 the primary winding; a pair of semiconductor switches, 
one end of each semiconductor switch being connected 
to the other end of the resonance capacitor, the 
remaining end of each semiconductor switch being 
connected to the earth, and the semiconductor switches 

15 being alternately operated On-Of f states in accordance 
with a voltage output from the tertiary winding; and 
a variable inductance connected to the inside of an 
LC resonance circuit. The voltage output from the 
inverter is controlled by means of controlling the 

20 inductance of the variable inductor. 

The inverter using the conventional Royer circuit 
has difficulty to be down-sized and suffers a problem 
of low conversion efficiency. The inverter of WO 
99/34 651 additionally requires a PWM controller for 

25 performing the PWM control so as to supply DC voltage 
to the inverter, of which overall structure of the 
DC-AC converter ends up being complicated, and 
difficulty still remains in its down-sizing. As for 
the inverter of JP Hei 6-14556, since it has a variable 

30 inductor connected to the inside of the LC resonance 
circuit such that an output voltage can be controlled 



- 3 - 



by controlling the inductance of the inductor, the 
structure of the inverter becomes complicated and 
difficulty of down-sizing is still unresolved. 



5 SUMMARY OF THE INVENTION 

It is an objects of this invention to provide 
an inverter for producing AC voltage from the DC power 
source to be used for driving a loadwith a simple 
configuration with a fine control of the power supply 

10 to the load by using a transformer having a primary 
winding with a center tap to which DC voltage is supplied. 

An inverter of the first aspect in this invention 
is characterized by comprising: a transformer having 
a primary winding with a center tap, and at least one 

15 secondary winding, in which the center tap is connected 
to a first potential point of a DC power source; a 
first semiconductor switch which is connected between 
one end of the primary winding and a second potential 
point of the DC power source and causes an electric 

20 current to flow through the primary winding in a first 
direction; a second semiconductor switch which is 
connected between the other end of the primary winding 
and the second potential point and causes an electric 
current to flow through the primary winding in a second 

25 direction; a first capacitor and a third semiconductor 
switch, which are connected in series between the other 
end of the primary winding and the center tap; a second 
capacitor and a fourth semiconductor switch, which 
are connected in series between the one end of the 

30 primary winding and the center tap; a current detection 
circuit to be used for detecting an electric current 
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which flows into a load connected to the secondary 
winding; a pulse width modulation circuit which 
produces a pulse width modulation signal by comparing 
a feedback signal formed on the basis of an electric 
5 current detected by the current detection circuit with 
a triangular wave signal train; and a logic circuit 
to be used for outputting a switch drive signal and 
which produces, on the basis of the pulse width 
modulation signal, a first switch drive signal to be 

10 used for turning on the first semiconductor switch, 
a second switch drive signal to be used for turning 
on the second semiconductor switch, a third switch 
drive signal to be used for turning on the third 
semiconductor switch, and a fourth switch drive signal 

15 to be used for turning on the fourth semiconductor 
switch, wherein the first through fourth switch drive 
signals are produced at timings of an off-state period 
where the first through fourth semiconductor switches 
are turned off, said timings being produced during 

20 interval periods such that a first semiconductor switch 
group, comprising the first semiconductor switch and 
the third semiconductor switch, and a second 
semiconductor switch group, comprising the second 
semiconductor switch and the fourth semiconductor 

25 switch, are alternately made on-state synchronously 
with triangular wave signals of the triangular wave 
signal train. 

An inverter of the second aspect in this invention 
is characterized in that the first and third 

30 semiconductor switches are turned on at every other 
peak of the triangular wave signal of the triangular 
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wave signal train and remain on-sate until an 
immediately-subsequent triangular wave signal becomes 
equal to the feedback signal; and further wherein the 
second and fourth semiconductor switches are turned 
5 on at every other peak of the triangular wave signal 
of the triangular wave signal train, which is different 
from that of being generated when the first and third 
semiconductor switches are turned on, and remain 
on-state until an immediately-subsequent triangular 

10 wave signal becomes equal to the feedback singal. 

An inverter of the third aspect in this invention 
is characterized in that the first semiconductor switch 
is turned on at every other peak of the triangular 
wave signal of the triangular wave signal train and 

15 remains on-state until an immediately-subsequent 

triangular wave signal becomes equal to the feedback 
signal; the second semiconductor switch is turned 
on at every other peak of the triangular wave signal 
of the triangular wave signal train, which is different 

20 from that of being generated when the first 

semiconductor switch is turned on, and remains on-state 
until an immediately-subsequent triangular wave signal 
becomes equal to the feedback signal; the third 
semiconductor switch is turned on at a timing before 

25 the first semiconductor switch is turned on, but after 
lapse of a predetermined period of time since the second 
semiconductor switch completes the on-sate period 
thereof and remains on-state during a period in which 
the first semiconductor switch remains on-state; and 

30 the fourth semiconductor switch is turned-on at 

a timing before the second semiconductor switch is 
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turned on, but after lapse of a predetermined period 
of time since the first semiconductor switch completes 
the on-state period thereof and remains on-state during 
a period in which the second semiconductor switch 
5 remains on-state. 

An inverter of the fourth aspect in this invention 
is characterized in that the first through fourth 
semiconductor switches are MOS field-effect 
transistors • 

10 The fifth aspect in this invention is characterized 

in that a burst control signal in the form of a pulse 
train, which allows a ratio of on-state period and 
off-state period to be controlled, whereby the first 
through fourth switch drive signals can be produced 

15 or stopped. 

The sixth aspect in this invention is characterized 
in that a power supply voltage of a DC power source 
is converted, to a load connected to a secondary winding 
of a transformer, the transformer having a primary 

20 winding with a center tap, and at least one secondary 
winding, the. method comprising the operations of: 
connecting the center tap to a first potential point 
of the DC power source; connecting a first 
semiconductor switch for causing an electric current 

25 to flow through the primary winding in a first direction 
between one end of the primary winding and a second 
potential point of the DC power source; connecting 
a second semiconductor switch for causing an electric 
current to flow through the primary winding in a second 

30 direction between the other end of the primary winding 
and the second potential point of the DC power source; 



- 7 - 



connecting a first capacitor and a third semiconductor 
switch in series between the other end of the primary 
winding and the center tap; connecting a second 
capacitor and a fourth semiconductor switch in series 
5 between the one end of the primary winding and the 
center tap; detecting an electric current flowing 
through the load connected to the secondary winding 
by means of a current detection circuits- 
producing a feedback signal on the basis of the 

10 electric current detected by the current detection 
circuit and comparing the feedback signal with a 
triangular wave signal train, thereby producing a pulse 
width modulation signal; and producing, on the basis 
of the pulse width modulation signal, a first switch 

15 drive signal to be used for turning on the first 
semiconductor switch, a second switch drive signal 
to be used for turning on the second semiconductor 
switch, a third switch drive signal to be used for 
turning on the third semiconductor switch, and a fourth 

20 switch drive signal to be used for turning on the fourth 
semiconductor switch; whereby producing the first 
through fourth switch drive signals at timings of an 
off-state period where the first through fourth 
semiconductor switches are turned off, said timings 

25 being produced during interval periods such that a 
first semiconductor switch group, comprising the first 
semiconductor switch and the third semiconductor switch, 
and a second semiconductor switch group, comprising 
the second semiconductor switch and the fourth 

30 semiconductor switch, are alternately made on-sate 
synchronously with triangular wave signals of the 
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triangular wave signal train. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig, 1 is an overall block diagram of an inverter 
according to a first embodiment of the invention; 
5 Fig. 2 is an internal block diagram of an inverter 

control IC for use in Fig. 1; 

Fig. 3 is a timing chart of a first example of 
the inverter shown in Fig. 1; 

Fig. 4 is a view showing operating states of the 
10 inverter at timings shown in Fig. 3; 

Fig. 5 is a waveform diagram for describing 
operation of the invention in comparison with a 
related-art inverter; 

Fig. 6 is a timing chart of a second example of 
15 the inverter shown in Fig. 1; 

Fig. 7 is a view showing operating states of the 
inverter at timings shown in Fig. 6; 

Fig. 8 is a view showing another example in which 
the main circuit configuration of the inverter shown 
20 in Fig. 1 has been changed; 

Fig. 9 is a view showing still another example 
in which the main circuit configuration of the inverter 
shown in Fig. 1 has been changed; and 

Fig. 10 is a view showing yet another example 
25 in which the main circuit configuration of the inverter 
shown in Fig. 1 has been changed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
By reference to the drawings, there will be 
described a mode for realizing an inverter which 
30 produces, from a DC power source, an AC voltage to 
be used for driving a load and implementing an AC power 
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supply method, both pertaining to the invention. 

Fig. 1 is a view showing the entire configuration 
of an inverter of the embodiment of the invention which 
performs PWM control operation through use of an 
5 insulating transformer having a primary winding with 
a center tap and a secondary winding and through use 
of semiconductor switching circuits. Fig. 2 is a view 
showing the internal configuration of an IC for 
controlling the inverter. 

10 In Fig. 1, a transformer TR is an insulating 

transformer having a primary winding 107 and a secondary 
winding 108 for supplying AC power to a load, wherein 
the primary winding 107 has a center tap T, one terminal 
A (hereinafter called a "first terminal"), and the 

15 other terminal B (hereinafter called a "second 

terminal") . A DC supply voltage VCC, being supplied 
from a battery power source BAT, is supplied to the 
center tap T of the transformer TR where said VCC is 
a voltage from the ground which is serving as a common 

20 potential point. 

An n-type MOSFET (hereinafter abbreviated "NMOS") 
101 serving as a first semiconductor switch is a switch 
to be used for forming a current path in a first direction 
on the primary winding 107 of the transformer TR. On 

25 the other hand, NMOS 102 serving as a second 

semiconductor switch is a switch to be used for forming 
a current path in a second direction on the primary 
winding 107 of the transformer TR. Thus the NMOS 101 
and the NMOS 102 are alternately activated, which 

30 generate an alternating current to flow into the primary 
winding 107 of the transformer TR. 



- 10 - 



A DC circuit, which consists of a first capacitor 
105 and a p-type MOSFET (hereinafter abbreviated 
"PMOS") 103 serving as a third semiconductor switch, 
is connected between the center tap T of the primary 
5 winding 107 and the second terminal B. The PMOS 103 
is basically controlled so as to be turning on 
synchronously to the NMOS 101. In the same manner, 
DC circuit, which consists of a second capacitor 106 
and a PMOS 104 serving as a fourth semiconductor switch, 

10 is connected between the center tap T of the primary 
winding 107 and the first terminal A. The PMOS 104 
is basically controlled to be turning on synchronously 
with the NMOS 102. 

The NMOS 101, the NMOS 102, the PMOS 103, and 

15 the PMOS 104 each have a body diode (i.e., a backgate 
diode) . The body diode enables flow of an electric 
current in a reverse direction of that of the original 
current path. A diode having the same functional 
characteristics as that of the body diode might be 

20 optionally provided. 

The power supply voltage VCC of the DC power supply 
BAT is supplied to the primary winding 107 of the 
transformer TR by way of the NMOS 101 and the NMOS 
102 . Therefore a high voltage proportional to a winding 

25 ratio of the secondary winding 108 is induced. This 
induced high voltage is supplied to a cold cathode 
fluorescent lamp FL, serving as load, so as to turn 
on the lamp. The PMOS 103 and the PMOS 104 as well 
as the capacitors 105, 106 are functioning as 

30 suppressing occurrence of an anomalous peak overvoltage, 
or recovering the flyback energy. 
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Capacitors 111 and 112 as well as resistors 117 
and 118 detect a voltage to be applied to the cold 
cathode fluorescent lamp FL. The thus-detected 
voltage is fed back to a controller IC 200. Resistors 
5 114, 115 detect the electric current flowing through 
the cold cathode fluorescent lamp FL, and the 
thus-detected electric current is fed back to the 
controller IC 200. The capacitor 111 is used for 
oscillation by its capacitance factor and the 

10 inductance factor of the transformer TR. Parasitic 
capacitance of the cold cathode fluorescent lamp FL 
might be also contributing to said oscillation. As 
for the reference numerals 113, 116, 119, and 120, 
they denote diodes while the reference numerals 151, 

15 152 denote capacitors for stabilizing a power supply 
voltage . 

The controller IC 200 has a plurality of input 
and output pins. The first pin IP is a changeover 
terminal for switching between a PWM mode and an 

20 intermittent mode (hereinafter called a "burst" ) mode • 
Input from the outside to the first pin lp is a duty 
signal DUTY to be used for switching the modes and 
determining the duty ratio of the burst mode . A second 
pin 2P is a connector terminal to which a capacitance 

25 for setting an oscillation frequency of a burst mode 
oscillator (BOSC) might be connected. A capacitor 
131 for setting purpose is connected to the second 
pin 2P, so that a triangular wave signal BCT for bursting 
purpose is generated at the second pin 2p. 

30 A third pin 3P is a terminal connector to which 

a capacitance to be used for setting an oscillation 
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frequency of a PWM mode oscillator (OSC) is connected. 
In this embodiment, a setting capacitor 132 is connected 
to the third pin 3P so that a triangular wave signal 
CT for PWM use is developed at the third pin 3P. A 
5 fourth pin 4P is a terminal connector to which a resistor 
for setting an electric current to be used for recharging 
the third pin 3P is connected. In this case, a setting 
resistor 133 is connected to the fourth pin 4P so that 
electric current, corresponding to an electric 
10 potential RT and the resistance value of the resistor — , 
flows through the fourth pin 4P. A fifth pin 5P is 
a ground terminal and remains at a ground potential 
GND . 

A sixth pin 6P is a connector terminal to which 

15 a resistor for setting an electric current to be used 
for recharging the third pin 3P is connected. In this 
embodiment, a setting resistor 134 is connected to 
the sixth pin 6P where a control operation of an internal 
circuit enables the resistor 134 to be connected in 

20 parallel to the setting resistor 133 or disconnected 
therefromby means of. A potential SRT of the sixth 
pin 6P becomes either a ground potential GND or a 
potential RT of the fourth pin 4P. A seventh pin 7P 
is a connector terminal to which a timer latch setting 

25 capacitance is connected such that a capacitor 135 
to be used for setting an operating time limit for 
internal circuit protection is connected to the seventh 
pin 7P so that a potential SCP corresponding to electric 
charge of the capacitor 135 is operated. 

30 A current detection signal (hereinafter a 

"detection current") IS corresponds to the electric 
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current flowing into the cold cathode fluorescent lamp 
FL is input to a ninth pin 9P by way of a resistor 
140 so that the current detection signal IS is input 
to a first error amplifier. An eighth pin 8P is a 
5 first error amplifier output terminal- A capacitor 

136 is connected between the eighth pin 8P and a ninth 
pin 9P. The potential of the eighth pin 8P is 
functioning as a feedback voltage FB and serves as 
a control voltage for PWM control purpose. Unless 

10 otherwise specified, voltages will be hereinbelow 
determined with reference to a ground potential. 

A voltage detection signal (hereinafter called 
a "detection voltage") VS corresponding to a voltage 
applied to the cold cathode fluorescent lamp FL is 

15 input to a tenth pin 10P by way of a resistor 139 and 
delivered to a second error amplifier. A capacitor 

137 is connected between the tenth pin 10P and the 
eighth pin 8P. 

An eleventh pin IIP is a terminal to be used for 
20 activation and setting a start-up time. Applied to 
the eleventh pin IIP is a signal STB produced by means 
of delaying a start-up signal ST and subjecting the 
thus-delayed signal to noise suppression through use 
of a resistor 143 and a capacitor 142. A twelfth pin 
25 12P is a terminal used for connecting a capacitance 
for setting a slow start. Further, a capacitor 141 
is connected between the twelfth pin 12P and the ground . 
A slow start voltage SS which gradually increases 
at the time of startup develops in the twelfth pin 
30 12P. 

A thirteenth pin 13P is a connector terminal for 
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synchronization purpose. When the controller IC 200 
is operated in conjunction with another controller 
IC such as use in a system LSI, the thirteenth pin 
13P is connected to that controller IC. A fourteenth 
5 pin 14P is an internal clock input/output terminal 
where the controller IC 200 is operated in conjunction 
with another IC such as use in a system LSI, the 
fourteenth pin 14P is connected to that controller 
IC. 

10 A fifteenth pin 15P is a ground terminal of an 

external FET drive circuit. A sixteenth pin 16P is 
a terminal to be used for outputting a gate drive signal 
Nl of the NMOS 102 . A seventeenth pin 17P is a terminal 
to be used for outputting a gate drive signal N2 of 

15 the NMOS 104. An eighteenth pin 18P is a terminal 
to be used for outputting a gate drive signal P2 of 
the PMOS 103. A nineteenth pin 19P is a terminal to 
be used for outputting a gate drive signal PI of the 
PMOS 101. A twentieth pin 20P is a power terminal 

20 into which a power supply voltage VCC is input. 

In Fig. 2, which shows the internal configuration 
of the controller IC 200, an OSC block 201 produces 
the PWM triangular wave signal CT determined by means 
of the capacitor 132 connected to the third pin 3P 

25 and the resistors 133, 134 connected to the fourth 
pin 4 P. The PWM triangular wave signal CT is supplied 
to a PWM comparator 214. Further, the OSC block 201 
produces an internal clock signal and supplies the 
thus-produced clock signal to a logic block 203. 

30 A BOSC block 202 is a circuit for oscillating 

a triangular wave signal for bursting purpose. The 
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BOS block 202 produces the burst triangular wave signal 
BCT to be determined by the capacitor 131 connected 
to the second pin 2P. The BCT frequency is set to 
become considerably lower than a CT frequency (a BCT 
5 frequency < a CT frequency) . The analog duty signal 
DUTY (a DC voltage) supplied to the first pin IP is 
compared with the triangular wave signal BCT by means 
of a comparator 221 . An n-p-n transistor (hereinafter 
abbreviated simply as X> NPN") 234 is activated by means 

10 of such a comparison output by way of an OR circuit 
239. When the digital duty signal DUTY (of PWM format) 
is supplied to the first pin IP, a resistor is connected 
to the second pin 2P, thereby causing the BOSC block 
202 to produce a predetermined burst voltage. 

15 A PWM control signal or the like is input to the 

logic block 203, and a switch drive signal is produced 
in accordance with a predetermined logic. Gate drive 
signals PI, P2, Nl, and N2 are applied to gates of 
the PMOSs 101, 103 and gates of the NMOSs 102, 104 

20 by way of the output block 204. 

The start-up signal ST is input to a slow start 
block 205. When an input to a comparator 217; that 
is, the voltage STB which is gradually boosted by the 
capacitor 142 and the resistor 143, has exceeded the 

25 reference voltage Vref 6, the slow start block 205 
is activated by an output from the comparator 217. 

The output from the comparator 217 enables driving 
of the logic block 203. Here, reference numeral 249 
designates an inverting circuit. Further, a flip-flop 

30 (FF) circuit 242 is reset by means of the output from 
the comparator 217 by way of an OR circuit 243. When 
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the start block 205 is activated, the slow start voltage 
SS gradually increases. The slow start voltage SS 
is input to the PWM comparator 214 as a comparison 
input. Consequently, at the time of start-up, the 
5 PWM control is performed in accordance with the slow 
start voltage SS. 

When the input has exceeded the reference voltage 
Vref 5 at- the time of start-up, the comparator 216 
turns off an NMOS 246 by way of an OR circuit 247. 

10 As a result, the resistor 134 is disconnected, thereby 
changing the frequency of the PWM triangular wave signal 
CT. An output from the comparator 213 is also input 
to the OR circuit 247. 

The detection current IS proportional to the 

15 electric current of the cold cathode fluorescent lamp 
FL is input to a first error amplifier 211. The 
detection current IS is compared with the reference 
voltage Vref 2 (e.g., 1.25 volts). By means of an 
output corresponding to the error, an NPN 235 connected 

20 to a constant current source II is controlled. A 
collector of the NPN 235 is connected to the eighth 
pin 8P. The potential of the node is taken as a feedback 
voltage FB and input to the PWM comparator 214 as a 
comparison input. 

25 The PWM comparator 214 compares the triangular 

wave signal CT with the feedback voltage FB or the 
slow start voltage SS, whichever voltage is lower, 
thereby producing the PWM control signal. The 
thus-produced PWM control signal is supplied to the 

30 logic block 203 by way of an AND circuit 248. In a 
stationary state achieved after end of start-up 
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operation, the triangular wave signal CT is compared 
with the feedback voltage FB. A set electric current 
is automatically controlled so as to flow into the 
cold cathode fluorescent lamp FL. 
5 The capacitor 136 is connected between the eighth 

pin 8P and the ninth pin 9P, and the feedback voltage 
FB smoothly increases or decreases. Consequently, 
PWM control operation is smoothly performed without 
occurrence of shock. 

10 The detection voltage VS proportional to the 

voltage of the cold cathode fluorescent lamp FL is 
input to a second error amplifier 212 and compared 
with a reference voltage Vref 3 (e.g., 1*25 volts) . 
By means of a resultant output corresponding to the 

15 error, an NPN 238 of a double collector structure whose 
one collector is connected to the constant current 
source II is controlled. The collector of the NPN 
238 is also connected to the eighth pin 8P. Hence, 
the feedback voltage FB is also controlled by means 

20 of the detection voltage VS . When the feedback voltage 
FB has exceeded the reference voltage Vrefl (e.g., 
3 volts) , a p-n-p transistor (hereinafter referred 
to simply as "PNP") 231 turns on, thereby limiting 
an excessive rise in the feedback voltage FB. 

25 A comparator 215 compares a voltage into which 

the power supply voltage VCC has been divided by means 
of resistors 240, 241 with a reference voltage Vref 
7 (e.g., 2.2 volts ) . At a point in time when the power 
supply voltage VCC has reached a predetermined value, 

30 the output is inverted, thus resetting the FF circuit 
242 by way of the OR circuit 243. 
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A comparator 218 compares the slow start voltage 
SS with a reference voltage Vref 8 (e.g., 2.2. volts ) . 
When the voltage SS has become greater, the NPN 234 
is activated by way of an AND circuit 244 and the OR 
5 circuit 239. As a result of the NPN 234 being turned 
on, the diode 232 is reversely biased by means of a 
current source 12. Consequently, standard operation 
of the first error amplifier 211 can be made. 

When the NPN 238, whose remaining collector is 

10 connected to a constant current source 13, is turned 
on by means of the second error amplifier 212, the 
voltage of the comparator 219 becomes lower than a 
reference voltage Vref 9 (e.g., 3.0 volts), and a 
comparison output from the comparator 219 is inverted. 

15 A comparator 220 compares the feedback voltage FB 
with a reference voltage Vref 10 (e.g., 3.0 volts) 
so that in case of the feedback voltage FB coming to 
be higher, a comparison output is inverted. The 
inverted signals output from the comparator 219 and 

20 the comparator 220 and the signal output from the 
comparator 218 are applied to a timer block 206 by 
way of an OR circuit 245 . After a predetermined period 
of time has been connected, an output is produced by 
the timer block 206, whereby the FF circuit 242 is 

25 set, and operation of the logic block 203 is stopped 
by a Q output from the FF circuit 242. 

Operation of the inverter having the foregoing 
configuration will now be described in connection with 
PWM control and burst control. 

30 During a period in which the duty signal DUTY 

has exceeded the burst triangular wave signal BCT (i.e. , 
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an ON-DUTY period) , PWM control is performed. On the 
other hand, during a period in which the duty signal 
DUTY is lower than the burst triangular wave signal 
BCT (i.e., an OFF-DUTY period) , PWM control is halted, 
5 and power supply to the cold cathode fluorescent lamp 
FL is suspended. 

Assuming that the frequency of the PWM triangular 
wave signal CT assumes is 50 kHz, and the PWM triangular 
wave signal CT is subjected to burst control performed 

10 by the triangular wave signal BCT of, e.g., 150 Hz, 
this might not cause any visual problem. Moreover, 
by means of controlling the magnitude of the duty signal 
DUTY, control of the power supply, in other words, 
control of light amount, can be performed in the excess 

15 range more than where the power can be supplied to 
the cold cathode fluorescent lamp FL by relying on 
only PWM control. 

As for a specific circuit operation which is 
performed during a period in which the duty signal 

20 DUTY is below the burst triangular wave signal BCT, 
an output from the comparator 221 remains at a low 
(L) level and the NPN transistor 234 remains in 
off-state . 

As a result, the diode 232 is forwardly biased 
25 by means of the constant current source 12 so that 
an input to the first error amplifier 211 becomes a 
high level, and the NPN transistor 235 becomes on-state, 
in which the feedback voltage FB is regulated to a 
low voltage. 

30 The PWM comparator 214 compares a lower one of 

two negative input voltages with a positive triangular 
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wave signal CT . In this case, the PWM control signal 
is not output. 

Next, when the duty signal DUTY has surpassed 
the burst triangular wave signal BCT, the NPN transistor 
5 234 becomes on-state, and the diode 232 is reversely 
biased to become off-state. At this time, since the 
detection voltage IS remains at a low level, the first 
error amplifier 211 produces an output corresponding 
to the input detection voltage IS so that controlling 

10 the conduction degree of the NPN transistor 235 can 
be controlled. The collector voltage of the NPN 
transistor 235, namely, the feedback voltage FB, 
gradually increases by means of operation of the 
capacitor 136 connected between the eighth and ninth 

15 pins, and reaches a stationary state corresponding 
to original feedback. As a result, the PWM control 
signal is supplied from the PWM comparator 214 to the 
logic block 203, whereby the gate drive signals PI 
to N2 are output and the NMOSs 101, 102 are subjected 

20 to PWM control. Synchronously, the PMOSs 103, 104 
can be controlled. 

A logic used for producing the gate drive signals 
PI to N2 in the logic block 203 and the output block 
204 at the time of PWM control operation will now be 

25 described in detail by reference to the timing chart 
of a first example shown in Fig. 3 and operating states 
achieved at timings shown in Fig. 4. Operation of 
the invention will be described by reference to a 
waveform chart shown in Fig. 5. 

30 On the basis of the pulse width modulation signal, 

namely, the PWM triangular wave signal CT and the 
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feedback voltage FB, the output block 204 outputs a 
first gate drive signal Nl to be used for driving the 
NMOS 101 serving as the first semiconductor switch; 
a second gate drive signal N2 to be used for driving 
5 the NMOS 102 serving as the second semiconductor switch; 
a third gate drive signal PI to be used for driving 
the PMOS 103 serving as the third semiconductor switch; 
and a fourth gate drive signal P2 to be used for driving 
the PMOS 104 serving as the fourth semiconductor switch . 

10 The gate drive signals PI, P2, Nl, and N2 are 

produced at the timings of an off-state period where 
all the NMOS 101, NMOS 102, the PMOS 103, and the PMOS 
104 are turned off, said timings are produced during 
the interval periods such that a first semiconductor 

15 switch group, consisting of the NMOS 101 and the PMOS 
103, and a second semiconductor switch group, 
consisting of the NMOS 102 and the PMOS 104, are 
alternately made on-state synchronously with 
triangular wave signals of the triangular wave signal 

20 train CT . 

More specifically, the NOMS 101 and the PMOS 103 
are turned to the on-state at every other peak of the 
triangular wave signal of the triangular wave signal 
train of which peaks appear in a range lower than the 

25 feedback signal FB. These on-state NMOS 101 and the 
PMOS 103 continuously remain the state until the 
immediately-subsequent triangular wave signal becomes 
equal to the feedback signal FB, On the other hand, 
the NMOS 102 and the PMOS 104 are turned on at every 

30 other peak of the triangular wave signal of which peaks 
appearin the range lower than the feedback signal FB, 
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but said peaks are different from the peaks at which 
the NMOS 101 and the PMOS 103 of the triangular wave 
signal train CT become on-states. The NMOS S102 and 
the PMOS 104 continuously remain activated until the 
5 immediately-subsequent triangular wave signal becomes 
equal to the feedback signal FB . 

In a duration "i" shown in Fig. 3, the gate drive 
signal Nl is at a high level , and the NMOS 101 is on- state, 
and an electric current flows from the DC power source 

10 BAT (i.e., a power supply voltage VCC) to the primary 
winding 107 by way of the center tap T and the first 
terminal A in the first direction. This state is shown 
in Fig. 4A. The gate drive signal PI remains at a 
low level, and the PMOS 103 becomes on-state. 

15 Consequently, a current loop is established from the 
center T with the other end terminal B (hereinafter 
called a second terminal) of the primary winding 107, 
the first capacitor CI, and the PMOS 103. An electric 
current flows in the direction illustrated by the arrows . 

20 Here, the voltage of the first terminal A (hereinafter 
called a voltage at point A) Va corresponds to the 
ground voltage GND. 

During a duration ii, the gate drive signal Nl 
becomes low, and the gate drive signal PI becomes high, 

25 whereupon the NMOS 101, the NMOS 102, the PMOS 103, 
and the PMOS 104 all become off-state. Fig. 4B shows 
this state. During the duration ii, the electric 
current running in the first direction flows into the 
DC power source BAT (i.e., the power supply voltage 

30 VCC) by way of the body diode of the NMOS 102, the 
second terminal B, and the center tap T, which is caused 
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by the energy stored in the transformer TR. Similarly, 
the electric current flows through a current loop 
consisting of the second capacitor 106, the body diode 
of the PMOS 104 , the center tap T, and the first terminal 
5 A, due to the energy stored in the transformer TR. 
In this state, the voltage Va obtained at the point 
A becomes a voltage defined by summation of a voltage 
drop Vf due to the body diode and twice of the power 

supply voltage VCC; that is, 2xVCC+Vf . 

10 In a latter half the duration ii, when the electric 

current running in the first direction due to the energy 
stored in the transformer TR has become zero , the 
voltage Va obtained at the point A becomes the power 
supply voltage VCC as indicated by broken lines in 

15 a duration ii' . Such a state of the electric current 
of being zero might be produced when the duty factor 
of the pulse width modulation signal is made small. 
In other words, it might be produced when the on-state 
period of the gate drive signals PI, P2, Nl, and N2 

20 is short. In this case, the state in that the electric 
current flowing through the primary winding 107 becomes 
zero is realized before the direction of the electric 
current flowing through the primary winding 107 is 
switched. 

25 In a duration iii, the gate drive signal N2 is 

high, and the NMOS 102 is on-state so that an electric 
current flows from the DC power source BAT (the power 
supply voltage VCC) , to the primary winding 107 in 
the second direction by way of the center tap T and 

30 the second terminal B. Fig. 4C shows this state. 

The gate drive signal P2 remains at a low level, and 
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the PMOS 104 becomes on-state. Hence, a current loop 
is formed so as to originate from the center tap T 
by way of the first terminal A of the primary winding 
107, the second capacitor 106, and the PMOS 104,. 
5 whereupon the electric current flows in the direction 
indicated by the arrows. The voltage Va obtained at 
the point A is twice the power supply voltage VCC (i.e., 

2 x VCC) . 

In a duration iv, the gate drive signal N2 becomes 

10 low, and the gate drive signal P2 becomes high where 
the NMOS 101, the NMOS 102, the PMOS 103, and the PMOS 
104 all become inoperative. Fig. 4D shows this state. 

In the duration iv, the electric current running in 
the second direction flows into the DC power source 

15 BAT (i.e., the power supply voltage VCC) by way of 
the body diode of the NMOS 101, the first terminal 
A, and the center tap T which is caused by the energy 
stored in the transformer TR. Similarly, the electric 
current flows through a current loop consisting of 

20 the first capacitor 105, the body diode of the PMOS 
103, the center tap T, and the second terminal B, due 
to the energy stored in the transformer TR. In this 
state, the voltage Va obtained at the point A becomes 
a voltage -Vf , which is lower than the ground voltage 

25 by an amount corresponding to the voltage drop Vf due 
to the body diode. 

In a latter half of the duration ii, when the 
electric current, running in the second direction due 
the energy stored in the transformer TR, has become 

30 zero, the voltage Va obtained at the point A becomes 
the power supply voltage VCC as indicated by broken 
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lines in a duration iv' , as in the case of the duration 
ii' . The voltage obtained at point B of the second 
terminal B becomes reverse to the voltage Va obtained 
at point A during the durations M i" to iv, 
5 Fig. 5 shows a measured characteristic of the 

voltage Va obtained at the point A and a measured 
characteristic of the load current Io flowing into 
the cold cathode fluorescent lamp FL . Fig. 5A shows 
the voltage Va obtained at the point A and the load 

10 current Io of the first embodiment. Fig. 5B shows 
the voltage Va obtained at the point A and the load 
current Io, both being obtained when the circuit shown 
in Fig .lis not provided with a series circuit consisting 
of the PMOS 103 and the first capacitor 105 and a series 

15 circuit consisting of the PMOS 104 and the second 
capacitor 106. 

In Fig. 5A, showing the characteristic of the 
invention, an upper limit of the voltage Va obtained 
at the point A is defined as a voltage obtained by 

20 adding the voltage drop Vf due to the body diode to 

double the power supply voltage VCC (2xVCC+Vf ) . In 
contrast, in the case of Fig. 5B, showing a 
characteristic obtained when the series circuits 
consisting of the PMOSs 103, 104 and the capacitors 

25 105, 106 are not provided, an abnormal voltage Vpeak 
arises in the form of a very high spike in the voltage 
Va obtained at point A when the voltage has entered 
the duration ii . The abnormal voltage Vpeak is measured 
to be about five to six times the power supply voltage 

30 VCC. 

When the abnormal voltage Vpeak arises, an element 
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of high resistance design, which is capable of 
withstanding the abnormal voltage Vpeak, must be used. 

Further, the abnormal voltage Vpeak will act as a 
noise source for the surroundings. 
5 According to the invention, the series circuits 

consisting of the PMOS 103, the PMOS 104, and the 
respective capacitors 105, 106 are provided between 
the center tap T of the primary winding 107 and the 
terminals A, B. The PMOSs 103, 104 are turned on 

10 synchronously with the NMOSs 101, 102 with a 

predetermined relationship. Thus, fine adjustment 
of the power supply to the load can be made with a 
simple configuration. Occurrence of an abnormal high 
voltage, which would otherwise be caused at the time 

15 of switching, can be prevented, and an inverter can 
be configured with use of circuit elements of low 
withstand voltage. Recovery of flyback energy is also 
performed, so that a power conversion efficiency is 
also improved. 

20 Fig. 6 is a timing chart of a second example for 

the inverter of the first embodiment shown in Fig. 
1, wherein the on-state timings of the PMOSs 103, 104 
are modified differently from those of the timing chart 
shown in Fig. 3. Fig. 7 is a view showing operating 

25 states of the inverter achieved at respective timings 
shown in Fig. 6. 

Fig. 6 is similar to Fig. 3, except for the on-state 
timings of the PMOSs 103, 104, which are different 
from those shown in Fig. 3. 

30 In Fig. 6, the NMOS 101 to be driven by the gate 

drive signal Nl is turned-on at every other peak point 
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of the triangular wave signal of the triangular wave 
signal train CT . The NMOS 101 continues to be active 
until an immediately-subsequent triangular signal 
becomes equal to the feedback signal FB. 
5 The NMOS 102 to be driven by the gate drive signal 

N2 is turned-on at every other peak point of the 
triangular wave signal of the triangular wave signal 
train CT, the peak points being differed from those 
of the triangular wave signal at which the NMOS 101 
10 is turned-on. The NMOS 102 remains continuously 

on-state until an immediately-subsequent triangular 
signal becomes equal to the feedback signal FB. 

The PMOS 103 is turned on faster than the NMOS 

101 and after lapse of a predetermined time Toff since 
15 the NMOS 102 finished its on-state. The PMOS 103 

remains active for a period during which the NMOS 101 
is on-state. 

The PMOS 104 is turned on faster than the NMOS 

102 and after lapse of a predetermined time Toff since 
20 the NMOS 101 finished becoming on-state. The PMOS 

104 remains on-state for a period during the period 
of the NMOS 102 being on-state. 

The predetermined time Toff is provided for 
ensuring a period during the period of the NMOS 101, 

25 the NMOS 102, the PMOS 103, and the PMOS 104 being 
kept under off-state. During the period ii, the PMOS 
104 is turned on after lapse of the predetermined time 
Toff. While in the duration iv, the PMOS 103 is turned 
on after lapse of the predetermined time Toff. 

30 The states illustrated in Figs. 7B and 7D show 

that the PMOSs 103, 104 kept under off-state during 
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the period Toff achieved at the initial phase, and 
the electric current flows by way of the body diode. 

The PMOSs 103, 104 becomes on-state after the period 
Toff. 

5 By turning on the PMOSs 103, 104 prior to the 

NMOSslOl, 102 being on-state, the period of the electric 
current flowing through the body diodes of the PMOSs 
103, 104 can be made shortened, and the loss 
corresponding to the voltage drop Vf can be diminished. 

10 Figs. 8 and 9 are diagrams showing another 

embodiment in which the configuration of the main 
circuit of the inverter shown in Fig. 1 is changed. 

Fig. 8 shows a sequence of connection of the series 
circuit consisting of the PMOS 103 functioning as the 

15 third semiconductor switch and the first capacitor 
105 and a sequence of connection of the series circuit 
consisting of the PMOS 104 functioning as the fourth 
semiconductor switch and the second capacitor 106, 
in the manner inverted to that shown in Fig . 1 . Inverter 

20 operation is performed similarly by means of the main 
circuit configuration shown in Fig. 8. 

Fig. 9 shows in that an NMOS is used for the third 
semiconductor switch 103 and the fourth semiconductor 
switch 104, both being shown in Fig. 8. By means of 

25 such a configuration, the first through fourth 

semiconductor switches 101 to 104 can be embodied all 
by the NMOSs . Hence, there can be constituted an 
inverter which is more advantageous in terms of cost 
and area. In association with the third and fourth 

30 semiconductor switches 103, 104 being embodied as NMOSs, 
the inverter control IC 200 supplies the gate drive 
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signals N3, N4 to be used for appropriate control of 
the third and fourth semiconductor switches 103, 104 
at the same timings as those shown in Figs. 3 and 6. 
Fig. 10 shows that the center tap T of the 
5 transformer TR is connected to the ground serving as 
a common potential point. The DC power supply voltage 
VCC supplied from the battery power source BAT is 
connected to the first terminal A by way of the NMOS 
101 functioning as the first semiconductor switch, 

10 so as to form a current path in the first direction 
toward the primary winding 107 of the transformer TR. 

The DC power supply voltage VCC is connected to the 
second terminal B by way of the NMOS 102 functioning 
as the second semiconductor switch, thereby forming 

15 a current path in the second direction toward the primary 
winding 107 of the transformer TR. 

A series circuit consisting of the first capacitor 
105 and the NMOS 103 functioning as the third 
semiconductor switch is connected between the center 

20 tap T of the primary winding 107 and the second terminal 
B . Similarly, a series circuit consisting of the second 
capacitor 106 and the NMOS 104 serving as the fourth 
semiconductor switch is connected between the center 
tap T of the primary winding 107 and the first terminal 

25 A. 

The first through fourth semiconductor switches 
101 to 104 are turned on and off in the same manner 
as that of the semiconductor switches 101 through 104 
shown in Fig. 1. In Fig. 10, the semiconductor switches 
30 101, 102 can be embodied as PMOSs. 

Even in the case shown in Fig. 10, supplied from 
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the inverter control IC 200 are the gate drive signals 
N3, N4 to be used for appropriate control of the first 
through fourth semiconductor switches 101 to 104 at 
the same timings as those shown in Figs. 3 and 6. 
5 The foregoing descriptions have described use 

of MOSFETs as the first through fourth semiconductor 
switches. The first through fourth semiconductor 
switches may be embodied by devices which can be turned 
on and off by means of a drive signal with body diodes. 

10 Alternatively, the switchesmay be provided with diodes 
having the same functions as those of the body diodes. 

According to the invention, a transformer having 
a primary winding with a center tap to which a DC power 
supply voltage is supplied is used for an inverter 

15 which produces from a DC power source an AC voltage 
to be used for activating a load. First and second 
semiconductor switches to be activated alternately 
are provided between ends of the primary winding and 
a common potential point. An electric current flowing 

2 0 into load is fed back, thereby subjecting semiconductor 
switches to pulse width modulation (PWM) control. 
Power supply to the load can be controlled elaborately 
with a simple configuration. 

A series circuit consisting of a first capacitor 

25 and a third semiconductor switch and another series 
circuit consisting of a second capacitor and a fourth 
semiconductor switch are connected between the center 
tap of the primary winding and ends of the primary 
winding. The third and fourth semiconductor switches 

30 are activated in synchronism with the first and second 
semiconductor switches , thereby preventing occurrence 
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of an anomalous high voltage , which would otherwise 
be caused at the time of switching. As a result , the 
inverter can be configured through use of a circuit 
element of low withstand voltage. 
5 The semiconductor switch is embodied as a MOS 

transistor, so that operation of the body diode (i.e., 
a backgate diode) can be utilized effectively. 

The third and fourth semiconductor switches are 
activated prior to activation of the first and second 
10 semiconductor switches. A period during which the 
electric current flows through the body diodes of the 
semiconductor switches is shortened, thereby 
diminishing a loss corresponding to the amount of 
voltage loss. 

15 Burst control which enables adjustment of a ratio 

of an ON time to an OFF time is performed in conjunction 
with pulse width modulation control. Power supply 
to the load can be adjusted over a wide range in excess 
of the limit of the pulse width modulation control. 

20 
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